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PART 1. INTRODUCTORY REMARKS 
AND RESULTS OF POLYGRAPHIC RECORDS 
by 
Yasuhiro Nag at s u k a (*~ffi~) and Osamu Kokubun (ffi17t~) 
(Department of Psychology, Tohoku University, Sendai) 
The experimental procedures of 48 hrs. sensory depriva-
tion which were more improved and more strictly controlled 
in many respects than the previous experiment were describ-
ed. The results of polygraphic records of 9 Ss were report-
ed. The main findings are as follows. (1) In EEG, slow 
waves of middle level appeared persistently through the most 
of all the 48 hrs. experimental period. (2) Other measures, 
typically in the heart rate, showed a W shaped day-and-night 
rhythm. These findings are discussed together with the be-
havioral data taken by the observation of the behavior of 
Ss. 
In the previous paper Kitamura et al. (4) reported some of the findings of 
their preliminary investigations into sensory deprivation carried out in the Psycho-
logical Laboratory of Tohoku University. It was the aim of the investigations, 
then, to examine some of the facts which had been reported and to explore 
more valid experimental procedures of sensory deprivation. The preliminary ex-
periments were carried out, as a whole, after the procedure taken by Bexton et 
al. (1). 
As results there appeared some differentiating effects of sensory depriva-
tions upon different functions of a human being. These results generally met our 
expectations. There are, however, some unsolved problems. That is, in the pre-
liminary experiment, though visual stimulations were controlled considerably on 
the whole, it seemed necessary to control auditory, tactual and kinesthetic stimula-
tions more completely. Interruptions of experimental controls by dining and eas-
ing nature were also dilfficult points, which should be improved further. 
It is the purpose of the present paper to report the improved and modified 
procedures and additional experimental findings in the further study, carried out 
under the modified, more controlled experimental procedures. Next, analysis of 
polygraphic records will be given. 
* The studies on which these serial papers are based have been supported by a grant-in-aid 
for scientific research in 1962 from the Ministry of Education, and collaborated with all the 
members of psychological laboratory of Tohoku University. The authors wish to express 
their acknowledgment to Hiroshi Hori, M. D., Lecturer of School of Medicine, Tohoku Uni-
versity, for his invaluable aid to perform the experimetns. 
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Procedure 
As a detailed information on the procedures of our sensory deprivation ex· 
periment was already given in the previous paper (4), only some improvements 
and modifications are described here. 
( 1) The experimental room, in which an electric shielded cubicle was 
placed, was made smaller than that in the preliminary study by usiag sound-proof 
partition walls in order to make the room sound-proof as effectively as possible. 
The wall was about 15 cm. in thickness. As a result of providing the new 
partition walls, three sides of the experimental room became surrounded by the 
sound-proofed walls. During the deprivation period the next room having the 
unsound-proofed wall was not used. 
( 2) A one-way screen was used for observing the S's behaviors. It was 
about 0.6x0.8m. in size. 
( 3) Instead of cardboard cuffs, so-called Gips was attached on the left fore· 
arm. Right hand was left free for eating some foods and for easing nature. 
( 4) Instead of a flat soft bed, a U-shaped bed was prepared. S was laid on 
the U-shaped bed placed on a canvas, the both sides of which was hung from 
the walls of the shielded room. This U-shaped bed prevented S from moving 
freely. 
(5) Meals that were given whenever Ss wanted to dine in the previous ex-
periment were restricted this time: S had only crackers and biscuits. These foods 
were pouched in a bag hanging within S's easy reach. Water was supplied by 
an irrigator system. A mouthpiece was set just above the mouth of lying S. 
S drank water by turning on a stopper with his right hand. In order to restrain def-
ecations, a binding medicine containing Bismuthi Subritras and Tannalbin was used 
internally before entering the experimental room. S could urinate easily through 
a pipe even while lying on his bed. 
Thus our intention of achieving more controlled sensory deprivation conditions 
than in the previous experiment seemed to have been considerably attained. Es-
pecially so was the case with control of motor aspects, in other words, reduction 
of kinesthetic stimulations. Interruptions of experimental control by dining or eas-
ing nature were satisfactorily removed, too. 
Ss were 11 male students of junior course of Tohoku University. Their mean 
age was 22 years. All of them were paid for the experiment. One of them, how-
ever, applied for suspension of isolation after 21 hours of sensory deprivation, 
and another one was, owing to a stomach ache and diarrhoea, compelled to stop 
the isolation after 41 hours. Some of the post-tests shown in the following were 
not assigned to these two Ss. The experiments were carried out from Oct. 9 to 
Nov. 21, 1962. 
The tests given were (1) memory test, (2) two-point discrimination test, (3) 
word association test, (4) time estimation test, (5) body image test, (6) actual genese 
test and (7) reaction experiment. In general these tests were assigned to Ss be-
fore and after the 48 hours of sensory deprivation. After finishing the tests Ss 
were interviewed and data for arranging the actgram were taken finally. 
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During the sensory deprivation period, polygraphic records were made. These 
were EEG, EMG, EKG, Respiration and GSR. 
On the Results of polygraphic records. Though the behaviors of Ss under sensory 
deprivation during 48 hours were observed mainly through the one-way screen, 
polygra phic records were taken simult aneous ly to assess their state of conscious-
ness, i.e., to measure their sleep-wakefulness activity. 
Method 
Polygraphic recordings were made by a 7-channels EEG apparatus at every fifteen 
minutes for a bout 1 minute. EEG was conducted monopolarly from frontal, cen-
tral and parietal area along median line through surface electrodes attached with 
paste for EEG and fixed with collodion. EMG and EKG were led by the surface elec-
trodes for EEG placed on the neck and breast respectively. Respirations were 
led by a thermister method of pick up attached to the goggles . GSR was taken 
from the palm of S's left hand. 
Results 
The EEG records were rated into five categories: (1) deep sleep-8 wave, 
(2) asleep-0 plus 8-wave, (3) drowsy-a-suppression, (4) relaxed-a-wave and 
(5) excited- ,8-wave after the classification by Jasper (3). 
Typical course of EEG during sensory dedrivation was as follows. Soon 
after the beginning of sensory deprivation temporary sleep pattern, i.e., 8-wave 
or 8-wave including spindle bursts occurred frequently. This stage was followed 
by a rather drowsy stage that continued repetitively for the greater part of the 
sensory deprivation period. That is, either a-wave and suppressed a-wave or 
suppressed a-wave and 8-wave appeared. 
Besides the frequent occurrences of EMG impulses when S moved, owing 
to dining or easing nature, it should be noted as a characteristics of sensory dep-
rivation EEG that slow waves which had been appearing by the time changed 
not into excited fast waves, but into only a-waves or suppressed a and that 
Fig. 1. An example of polygraphic record under the condition of sensory deprivation. In 
this Fig., it can be seen that EEG activated by body movements soon return to 
the low level again. 
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there appeared few activated waves, i.e., /3-waves. One of the examples is 
shown in Fig. 1. After Jasper the averaged rating scores of 9 Ss, whose records 
were almost complete, were plotted along with the lapse of time in Fig. 2. 
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Fig. 2. Changes of the averaged level for 9 Ss' EEG during 48 hrs. sensory deprivation. 
The curve in Fig. 2 runs almost the middle range, but it reflects also the 
characteristics of individual records; namely, under sensory deprivation condition 
EEG records seldom suggested the highest or lowest arousal.* It may be said 
conclusively here that chronic continuum of middle slow waves is characteristic 
under sensory deprivation. Some examples of typical cases are given in Fig. 3. 
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Fig. 3. Typical examples of the changes in the level of EEG during 48 hrs. 
sensory deprivation. 
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In Fig. 4 the heart rates in beats per minute are plotted along with the 
lapse of time. It can be seen that the curve follows a W-shaped course during 
48 hours. This curve seems to show changes in the level of arousal or activa -
* In other words, both so-called {3-waves and 3-waves seldom appeared. 
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Fig. 4. Changes of the mean heart rate of 9 Ss during 48 hrs. of sensory deprivation. 
tion of the organism as a whole (2) during isolation. So is the case with respect 
to the results of other elements of the polygra phic records. 
The behavioral data that were observed directly through the one-sided mir-
ror and speaker systems during the S.D., such as frequency of body move-
ments, verbalisations, food intakes and urinations, also go parallel with the level of 
arousal. From the point of view of arousal level, roughly speaking, the 48 hrs. 
of S.D. may be classified into five stages described below: 
( 1) The first stage of relatively high arousal level continues for about 
5~6 hrs., though a temporal drop is seen at about the 1st exp. hr. 
( 2) Approximately from the 8th exp. hr., the level tends to go down and 
the relatively low level continues for about 10 hrs. This time of ten hours cor-
responds to the objective time from the midnight to morning. 
( 3 ) The next stage of high level seems to be a fairly painful hard one 
for Ss. It was on this stage that the S who gave up the exp. could not endure. 
On this stage, a number of body movements, sighs, appealing, singing and other 
behaviors were observed. 
( 4) After that stage, again, from the 31st exp. hr. the level of arousal 
became lower; in EEG slow waves appeared more frequently, EMG potential 
and numbers of respiration reduced and spontaneous appearances of GSR were 
suppressed. The basal skin resistance of palm showed the highest at about 40th 
exp. hr., that was 5~ 7 in the objective time. 
( 5) Last 5 hours at the end of the isolation hrs., body movements, sighs, 
abuses and appeals were observed most frequently and physiological measures 
showed a fairly high level of arousal. The palmar skin resistance became the 
lowest at the end of this stage. 
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Discussion 
With respect to the experimental conditions in the present study, the de-
gree of deprivation of visual, auditory, somatic and kinesthetic stimulations and 
the degree of isolation or restriction might have been more strengthened than 
in the preliminary experiment. This can be justified by many facts. One of the 
facts, for example, is that two of the Ss could not endure the isolation and that 
many behavioral changes occurred in the remainder of Ss, although the isola-
tion period of 48 hours remained the same as in the previous experiment, in 
which no S had applied to be released from the isolation. 
Certainly EEG records showed the tendency of frequent appearance of slow 
waves of high voltage as has been reported hitherto, but it must be pointed 
out that both extremities of arousal waves and sleep waves appeared little. Rath-
er such chronic slow waves of middle levels as suppressed a-waves spindle or 
hump waves reflecting light or drowsy sleep were recorded very frequently. 
It is interesting that these findings in EEG are in consistence with the intro-
spection of Ss. Most of Ss reported that after awakening from their first sleep, 
they could not identify whether they were awake or dreaming and that they 
could scarcely follow the thread of thinking, concentrate and develop thought. 
Now, while a tendency toward a frequent appearance of chronic slow 
waves was found in EEG, a regular course of up-and-down in the level of arous-
al that would be considered to correspond to a day-night rhythm of the organ-
ism was found in other measures, typically in the heart rate. 
A basic function, as cardiac, directly connected with life and conditioned 
in the long life-history might not be influenced easily. 
A parallel shown between the level of arousal measured physiologically 
and the activity level obtained through observation, suggests that a risen level 
of arousal is rather a cause or drive than an effect or result of activities, if we 
regard the changes of the level of arousal as a basic rhythm of the organism. 
Thus, a heightened arousal level results in a high activity level but the 
activities generated then are different from each other in their quality. For 
instance, verbal expressions on an earlier stage in the exp. period were almost such 
as reporting of dream, singing a song, yawning etc., while on the other hand 
on a later stage, such as sigh, appeales, agressive or emotional expressions etc. 
In brief, the qualitative aspect of behaviors is influenced by the effect of 
S.D. but their quantitative aspect or intensity depends rather on the rhythm of 
the organism. 
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Zusammenfassung 
Die Versuchsbedingungen und -verfahren von der 48 Stunden lang sinnlichen 
Entziehung, die in mancher Hinsicht verbessert und genauer beschränkt wurden, 
als im vor hergehenden Versuche, wurden beschrieben. Die polygraphischen Auf-
nahmen des Experiments an 9 Vpn. wurden zunächst berichtet. 
Aus den Hauptergebnissen folgt: 
1) Im EEG treten mittelmässige langsame Wellen beinahe durch die ganze Ver-
suchsperiode auf. 
2) Andere Massen, typisch in der Herzfrequenz, zeigen einen W-Typus Tag-und-
Nacht Rhythmus im Aktivierungsniveau. Diese Ergebnisse wurden im Zusam-
menhang mit der Verhaltens-beobachtung behandelt. 
